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Abstract 
 
      An event is a specific occurrence involving participants, which is a typed, n-ary 
association of entities or other events, each identified as a participant in a specific semantic 
role in the event (Pyysalo et al. 2012; Linguistic Data Consortium 2005). Event types may 
vary across domains.  Representing relationships between events can facilitate the 
understanding of knowledge in complex systems (such as economic systems, human body, 
social systems). In the simplest form, an event can be represented as Entity A <Relation> 
Entity B. This paper evaluates several knowledge organization and visualization models 
and tools, such as concept maps (Cmap), topic maps (Ontopia), network analysis models 
(Gephi), and ontology (Protégé), then proposes an event relationship model that aims to 
integrate the strengths of these models, and can represent complex knowledge expressed in 
events and their relationships.  
 
1. Introduction and Significance 
      When we gain more understanding of a domain (such as medicine, oil spill), we 
accumulate knowledge in that domain, and want to organize and visualize the knowledge 
for learning and discovery. What knowledge organization and visualization models and 
tools are effective for managing an accumulated set of knowledge that is still growing? 
      Common knowledge organization models include concept maps, topic maps, 
classification schemes, thesauri, and ontologies. Concept maps are widely used in 
education to represent relationships between concepts (Novak and Gowin 1984). Topic 
maps are an information and knowledge organization tool that represent the relationship 
between topics and between the topic and the occurrences of the topic in information 
resources (Hatzigaidas et al. 2004). Concept maps and topic maps are useful knowledge 
organization tools for expressing the relationship between concepts (or entities), but have 
limited power in expressing the relationships between events. Classification schemes and 
thesauri can express the hierarchical relationship between concepts (or entities), such as 
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class-member, broader term, narrower term.  The related term (RT) relationship in thesauri 
is non-specific.  “A knowledge base contains different kinds of knowledge, typically an 
ontology, facts, rules and constraints… A computational ontology provides a symbolic 
representation of objects, classes of objects, properties and relationships between objects 
used to explicitly represent knowledge about an application domain. It is the cornerstone of 
a knowledge representation” (Chein and Mugnier 2009, 2).  However, ontologies are too 
formal and rigid for representing concepts and their relations, because an ontology, as “a 
formal explicit specification of a shared conceptualization” (Gruber 1993), explicitly 
represents concepts in a domain and their relations in a formal and consistent way, and 
captures consensual knowledge (Studer et al. 1998).  The knowledge we would like to 
represent and visualize in this paper is in the form of “who did what to whom” with some 
conditions (such as time, place, and method). In its simplest form, it can be expressed as 
who <did what to> whom.  In an abstract from, it can be expressed as Entity A <relation> 
Entity B where relation is normally a verb phrase. In its linguistic form, it can be expressed 
as NP <VP> NP where NP is a noun phrase and VP is a verb phrase.  
      In this simplest form of knowledge encapsulated in an event, if entities and relations are 
not typed, they may bring about ambiguity in their meanings.  For example, in the 
statement of “Tiffany has a Jaguar,” it is unclear whether Tiffany is a person or an 
organization, and whether Jaguar is an animal or a car, and whether “has” means an 
ownership relationship.  Therefore we need a model to effectively organize, represent and 
visualize typed entities and typed relations.  In order to represent an event unambiguously, 
we need to represent a minimum number of triples, such as  
          Entity A1 <Relation R1> Entity B1 (which is abbreviated as A1 <R1> B1), 
          Entity A1 <is a kind of> Entity Class A (which is abbreviated as A1 <ISA> A), 
          Entity B1 <is a kind of >Entity Class B (which is abbreviated as B1 <ISA> B), 
          Relation R1 <is a kind of> Relation Class R (which abbreviated as R1 <ISA> R). 
Furthermore, in order to represent the relationship between two events, we need to 
represent two events and their relationship in the following simplest form: 
          (A1 <R1> B1) <R12> (A2 <R2> B2). 
      We propose an event relationship model, which aims to not only overcome the 
limitations of the common knowledge organization models introduced above when 
representing events (composed of entities and their relations, and other participants), but 
also has the power of representing the relationship between events. Events are “typed, n-
ary associations of entities or other events, each identified as participating in a specific 
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role” (Pyysalo et al. 2012), therefore an event has the power of encapsulating the 
relationship between entities and/or events.  The event relationship model has the power of 
representing the relationship between events, which can be useful to represent knowledge 
of complex systems (such as economic system) which is often composed of a series of 
events. 
      We also propose a visualization prototype of the event relationship model, which is to 
be built based on current graphic representation formalisms. It has the power of visualizing 
the relationships between events, and can be useful for various purposes (such as 
knowledge understanding, knowledge discovery and decision-making). 
2. Related Work 
      The following work has inspired the event relationship model that is proposed here: 
knowledge modelling tools [such as entity-relationship models (Chen 1976), object 
modelling techniques (Rumbaugh et al. 1991)], extended relational data model (ERDM), 
object oriented data model (OODM) (Rob and Coronel 2002), schema theory which plays a 
central role in knowledge construction and learning (Basque et al. 2008), typology of 
knowledge in educational sciences [which specifies four basic types of knowledge entities: 
facts, concepts, procedures, and principles (Basque et al. 2008)], typology of relationships, 
including instantiation (is-a), composition (is part of), specialization (a kind of), 
input/product, precedence, and regulation (Basque et al. 2008), events which are expressed 
with frames or templates in Message Understanding Conference (Ralph and Sundheim 
1996), event types (Linguistic Data Consortium 2005), and semantic relation taxonomy 
(Wu and Yang 2015). 
3. Research Questions and Methodology 
      The following three research questions are discussed in this paper:  
(1) For managing an accumulated set of knowledge that is still growing, are current 
knowledge organization and visualization models and tools effective in 
representing and visualizing simplified knowledge in the form of Entity A 
<Relation> Entity B? 
(2) Are current knowledge organization and visualization models and tools effective in 
representing and visualizing relationships between two events in the simplified 
form of (A1 <R1> B1) <R12> (A2 <R2> B2)? 
(3) How can we organize, represent, and visualize entities and their relationships, and 
events and their relationships? 
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      We first briefly evaluate several knowledge organization and visualization models and 
tools for representing simplified knowledge in the form of Entity A <Relation> Entity B, 
such as Cmap (for concept map), Ontopia (for topic maps), Gephi (for graph network 
analysis), and Protégé (for ontology). We then propose the event relationship model.  When 
applicable and possible, we use the oil spill data set in the form of Entity A <Relation> 
Entity B, which contains approximately 5,000 concepts and 1,000 relationships extracted 
from about 300 documents comprised of conference presentations, journal articles, news 
reports, and authoritative Web pages (Wu, Lehman and Dunaway 2015). 
4. A Brief Evaluation of Knowledge Organization and Visualization Models and Tools 
      This section briefly reviews several knowledge organization and visualization models 
and tools on their effectiveness in knowledge organization, representation and visualization. 
The evaluation criteria include the following factors: (1) the availability of typed entities 
and typed relations that are used to represent meanings of entities and relationship 
unambiguously, (2) the availability of the construct of Entity A <Relation> Entity B in the 
model, (3) the size of knowledge network that is to be managed, (4) the flexibility of 
adding and deleting knowledge statements, (5) visualization power, (6) the capability of 
visualizing relationships between objects.  
4.1 Cmap (for concept maps) and Ontopia (for topic maps) 
      A concept map is a graphical tool for organizing and representing knowledge. It 
includes concepts, and relationships between concepts (Novak and Cañas 2008). A topic 
map has three constructs: 1) “topics,” which represent “subjects of discourse;” 2) 
“associations,” which represent relationships between the subjects; and, 3) “occurrences,” 
which are information resources relevant to a given topic. Topic maps have built into them 
the relationship between topics and between the topic and the occurrences of the topic in 
information resources (Hatzigaidas et al. 2004).  
      One strength of concept maps and topic maps lies in that they can take a batch of 
knowledge statements in the form of Entity A <Relation> Entity B as input, and users can 
add knowledge statements into the input file easily.  However, their visualization power is 
limited. A network of topics can be cluttered when a large number of topics are presented. 
For example, Figure 1 shows 12 topics associated with cleanup efforts and the screen is 
almost full. The display would be very cluttered if the number of associated topics doubled. 
This is a weakness of Ontopia (Wu, Lehman and Dunaway 2015). Concept maps have the 
similar weakness. A second weakness is the imprecise meaning of the relationships (or 
links) represented in these models since non-typed relations (or links) can have various 
meanings (Basque et al. 2008). A third weakness is the ambiguity around the type of 
entities (or concepts). Entities, actions performed on entities, conditions applied to actions, 
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and statements of properties about the entities are often not distinguished, which results in 
imprecise graph interpretation (Basque et al. 2008). 
Figure 1. Graphical topic map for topic “cleanup efforts” 
 
 
 
4.2 Gephi (for graph and network analysis) 
      Gephi is an open source software for network exploration and manipulation. It can 
import, visualize, spatialize, filter, and manipulate all types of networks and large networks 
(i.e., over 20,000 nodes). It can explore networks in an interactive way and display a 
dynamic network (Bastian et al. 2009).  Gephi has many network visualization strengths.  It 
can spatialize the nodes so that the nodes are not cluttered. Gephi can also spatialize and 
display chains of relationships. Figure 2 shows how Gephi spatializes the nodes (i.e., 
concepts or entities) and displays the clusters of nodes in the network. Figure 3 shows 
lengthy chains of relationships between concepts/entities, which can be used for knowledge 
discovery through inference. As a network visualization software, Gephi does not focus on 
knowledge organization functions. Its weaknesses include the imprecise meaning of non-
typed relations (or links) represented in the models, and the ambiguity around the type of 
entities or concepts. 
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Figure 2. Visualization of Oil Spill Knowledge by Gephi 
 
Figure 3. Visualization of Long Chains of Relationships in Oil Spill Data by Gephi 
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4.3 Protégé (for ontology) 
      When we have complete understanding of an application domain and want to represent 
concepts in the domain and their relations in a formal, explicit and consistent way, 
ontology is the appropriate model. Protégé is an open-source ontology editor 
(http://protege.stanford.edu).  Figure 4 shows Protégé’s interface for creating an ontology 
of wines.  The strength of ontology lies in that it explicitly describes a domain’s concepts, 
properties and attributes of concepts, constraints on properties and attributes (such as role, 
name, type, cardinality, allowed values), and instances. A weakness is that creating an 
ontology requires complete understanding of the domain and can be very time-consuming. 
Protégé has various visualization plugins for ontology data display 
(http://protegewiki.stanford.edu/wiki/Visualization), but is not as powerful as Gephi. 
 
Figure 4. Wines Ontology by Protégé (Source: Noy & Tu 2003) 
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Table 1. A Comparison of Knowledge Organization and Visualization Models and Tools 
 
Criteria Concept Map  
(CMap) 
Topic Map 
(Ontopia) 
Network 
Analysis (Gephi) 
Ontology  
(Protégé) 
Typed entities no no no yes 
Typed relations no no no no 
Construct of Entity A <R> 
Entity B 
medium medium weak medium 
Size of knowledge 
network 
medium medium large large 
Flexibility of adding & 
deleting knowledge 
strong strong strong medium 
Visualization power medium medium strong medium 
Capability of visualizing 
relationships 
medium medium strong medium 
 
      Table 1 shows a comparison of the models and tools according to the evaluation criteria. 
To answer our first research question, we find that the four models and tools are weak in 
representing and visualizing simplified knowledge in the form of Entity A <Relation> 
Entity B.  To answer our second research question, we find that neither of the four models 
and tools can represent and visualize relationships between two events in the simplified 
form of (A1 <R1> B1) <R12> (A2 <R2> B2).  To answer the third research question, we 
need a knowledge organization and visualization model that can take the strengths of 
concept maps (Cmap), topics maps (Ontopia), network analysis (Gephi), and ontology 
(Protégé), and minimize their weaknesses.  We aims to integrate their strengths in the event 
relationship model, which is presented below. 
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5. Proposal: An Event Relationship Model 
      Our proposal has three parts: (1) developing a generic event description model by 
investigating event types in multiple domains (such as news, biomedical sciences), (2) 
developing an event relationship model based on the event description model, and (3) 
developing a visualization prototype of the event relationship model. 
5.1 A generic event description model 
      A generic event description model is to be developed by investigating event types (or 
frames) in various domains (such as news, biomedical sciences) from event extraction 
research literature and text corpora (especially those annotated with events).  For example, 
news events are typically presented as “who did what to whom, through what methods 
(instruments), when, where and why” (Atkinson and Piskorski 2011, 749). Such a template 
can be simplified as 5W1H (who, what, whom, when, where, how) (Wei 2012). Various 
domains may have various event templates, but the simplest, core frame (or template) is 
“who did what to whom,” expressed as “Entity A <relation> Entity B.” 
      Borrowing the idea from the extended relational data model (ERDM), an event can be 
implemented as an object in object-oriented modeling. An event can involve multiple 
entities and multiple relations. Figure 5 defines six basic kinds of relations between entities 
in an event. For example, the event in the following statement describes the relationship 
(“can cause”) between a list of four entities and one entity (“cancer”). It can be represented 
as E3 (or E4) in Figure 5. A list (or taxonomy) of entities can be implemented as a 
compound object.  Figure 6 visualizes the knowledge in this statement. 
      Example statement: “You can learn more about the known causes of cancer, including 
genetic factors; lifestyle factors such as tobacco use, diet, and physical activity; certain 
types of infections; and environmental exposures to different types of chemicals and 
radiation” (American Cancer Society 2015). 
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Figure 6. An Example of Knowledge Represented using ERDM. 
 
 
 (Note: ISA: “is a” or “is a kind of” relationship. Not all ISA relations are visualized.) 
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Figure 5. Relations between entities in an event        Figure 7. Relations between events 
 
                 
 [Note: a circle (○) represents an entity; a square (□) represents an event; a slash (/) means 
“or.” R represents a relation. N:X:M means multiple relations between multiple (N, M) 
entities. Figure 7 presents an incomplete list of relations between events for simplicity 
reason.] 
5.2 An event relationship model 
      The event relationship model describes the relationship between two events, or between 
an entity and an event.  A generic event relationship model is to be developed by 
investigating the various kinds of relationships between events from domain corpora 
(especially those annotated with events). An incomplete list of 10 kinds of preliminary 
relationships between events is summarized in Figure 7. For example, the events in the 
following statement can be represented using E1 (in Figure 5) and ER1 (in Figure 7).  
Figure 8 shows the representation of the knowledge in the statement. The event relationship 
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model is to be implemented using extended relational data model (ERDM). The 
relationships are to be typed according to a semantic relation taxonomy (Wu and Yang 
2015).  Since an event can encapsulate entities, events, and the relationship between 
entities and/or events, the model can express complex relationships between entities and/or 
events. 
      Example statement: “The mild character of the pathological changes suggests that 
petroleum oil toxicosis causes multiple sublethal changes that have an effect on the ability 
of the birds to survive at sea” (Balseiro et al. 2005). 
 
      Figure 8. An example representation and visualization of the event relationship model 
 
 
 
5.3 A visualization prototype of the event relationship model 
      An event is represented as a frame. For usability reason, the core frame is represented 
and visualized as “Entity A <relation> Entity B,” and other frame slots (or participants) can 
be represented and visualized as attributes of the core event frame. The visualization model 
can be implemented using the Data-Driven Documents (D3) Javascript (D3.js) technology.  
D3.js is a JavaScript library for manipulating documents based on data.  “D3.js reduces 
overhead and allows greater graphical complexity at high frame rates… With minimal 
overhead, D3.js is extremely fast, supporting large datasets and dynamic behaviors for 
interaction and animation” (Bostock, 2015). The prototype has Ontopia’s flexibility in the 
description of events and batch input, has Gephi’s network visualization power (such as 
spatialized display and long chains of relationships), has some of Protégé’s entity 
description power (such as a taxonomy of entities, types of entities, attributes of entities), 
has typed relationships, but does not require all the formal specifications of entities in an 
ontology such as Protégé. The prototype is under construction. 
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6. Summary 
      We explored knowledge organization and visualization models and tools that are 
effective for managing an accumulated set of knowledge that is still growing. The 
knowledge, in its simplest form, is represented as Entity A <Relation> Entity B. We 
evaluated several models and tools, such as concept maps (Cmap), topic maps 
(Ontopinetwork visualization (Gephi), and ontology (Protégé).  By integrating the strengths 
of these models and tools and minimizing their weaknesses, an event relationship model is 
proposed.  The model can express complex relationships between entities and/or events in 
the simplified form of (A1 <R1> B1) <R12> (A2 <R2> B2. 
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